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AbsMRCT

Measurements of air blasb peak pressures, positive impUses, and

posi*ive durations for bcth Bide-on and normal incidence from bare

50/50 spherical. pentolite charges are presented. The explosive weight

ranged fran 1/2 to 8 pounds, the szsaled distance frcu 1.148 to 14f.81
ft/lbf'3. Results of two hundred and sixty-nine test firings are tabu-

lated and presented graphica- -. A ?.escription is given of the piezo-

electric gage developed to measure the blast in the normally incident

waves.



INTROD7IXI. ION

Before t be response of a structure to air blast can be rredicted, the

spatial and temporal loading must be knofn. Two limiting cases of the blast

loading from sa explosive charge ere (1) the free expsnsion of the sl-. ck

wave into undisturbed air (called "e'.de-on") and (2) the reflection ut nor-

mal incidence of the shock wave fror. an Lafinite, rigid wall (called,''face-

on"). Neither case applies 'irectlj for many *get structures of miLi-

Stetry interest: such as aircraft or buildings, becaise of diffraction. How-

ever, peak pressures and impulses* for (1) and (2) represent, in general,

lower and upper bound3 _-,3pective]. To the actual loading, and thus may

establib'L limits for calculations of structural response.

Theoretical relations have been advanced for the dependence of side-1,2, 3"*

side-on and fece-cn peak pressure is known theoretically as a function of

the velocity of propagation of the shock front.4 On the otaer hand, theories K
of face-on impulse are imited to relatively weak shocks.5 '6 Experiments to

chec] these theoretical relations have been extensive7 but for the case of

side-on impulse have been limited to scaled distances greater that 4 or 5

. ./lb1 3 . There are practically no data of face-on inpulse, especiafly

close to the surface of exp? ?aIve c".arges where shocks are quite intense.

Since knowledge of the impulse, both side-on and face-on, :s very necessary

for the prediction of the response of structures to air blast loading. it

was decided to carry out a series of experiments to make impulse measure-

ments over an extensive range of scaled dl stancea, concentrating especially

at small distances.

Def!pe as the :oositive area under the prsAsure-time htsay, I
= r(t)dt, -where P is the excess pressure an .. T is equal to the

positive duratior

•* Numberd r-.er to reference cn page 25.
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The present study xtends face-on impul., measuremnts closer to the

explosive crarge surfac,-. than were obtaine., in a preliminary study reported

in Ballistic Rese7rch Laboratory Technical Note 788,a With the development

of a suitable gage it was possible to make measurements as close a 1.5 ft/ib/

where the face-on pressure is-about 3' pourfs. per:.square inch. Iie

gage development reqpfted lengthy experfuuentation to minimize the effects

of accelerometer aitton resulting from the transfer of momentum to the gage

(transducer) by the normally inc Ient shock wave. "xhese accelerometer

effects were found to be reduced satisfactorily when the transducer was

mounted as an integral part of an extremely massive, reinforced concrete

wall. The Mae that was fo.-u-_A zatiafactory and used for these experiments
is described in Appendix I.

With an adequate cobination of transducer and reflecting surface,

=, . +aken usingJ explosiv*, charges of bare 50/50 spherl.cal

rIntolite of 1/2., l-, 2- a-d o-pounds. Zlese explosive weighto pro-
; . vi&-- an aderuate check on scaling lawsgand permitted measuremex.ts over

sa greater range of pressures thaL could be achieved with any one charge

weihlt.

TR SET-UP

The experimental test facil ics uc. for obtaining the blast measure-

merts consisted of massive reflecting surfaces of sufficieut size to pre-
vent diffraction of the blast wmve before the coopletion of the positive

loadin phase. Two such surfaces were employed during the course of the

tests, one the wall of a -hamber made of two-faf. thick reinforced ct--

crete, and the other a 10 ft. x 10 ft. x 1 ft. concrete ulab po=red on

the ground surface. One and one-half inch l.emetar mounting pies, with

threaded sleeves, -ere inserted in each of these surfaces to receive and

retain the face-on transducer housings flush wi1h -'he surface. S\ch

mounting permitted the 3rface of the sensing element of the Sage to be-
come essentially an element of ", reJecting fan Sce .ture 1,

On a liae peiendicular to the reflecting surfacc through the cen-
ter of an army c face-o:w fages, as shcw= in Ftgu'i g , a bare 50/5.

6
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spherical pertolite charge was suspended from an overhead support. In n

plane parallel to the reflecting surface throigh the explosive chmt;-, two

positions of s'ae-on air blast gages (see Appendix were placed at the
height of the charge center. 7hese .positions were oriented 180 dlegrees.

apart with each gage pointing directl* at the center of the exp.losive. Tae
resulting configuration was that of both side-on asd face-on gages lying

on points of a circle aboul the exlosive charge as center. Each of the

side-on gages was spanned by t,,o piezoelectric "velocity" gages such thst

they were at the midpoint of the velocity interval. A "velocity" gage

merely records time of arrival of the shock front.

The signals from all gages were transmitted through RG62-U coaxial

cables having a capacity of 13.5 micro-micro farads per foot to appro-

priate recording equipment. Pressur~e-time histories of the blast waves
were phoographically recorded from cathode ray oscillographic traces

and the times of ar-i-"". of the shock wave were indicated on electronic

counter chroographz.
Meteorological equipment was also provided at the test site for

measuring the wind direction and velocity, and ambient atmospheric

temperature and barometric pressure.

rEo omaig XpEn' AL PU"=' E

lt'ior to r g each test firing the cxplosive was weighed with an

analytical balance. The individual weightp ;4thin a (Lven group of nominal

weight were found to differ negligbtly from each ether since each lot of

charges was cast in precision molds. 3amplh measurements of the denbity

of the explosive were taken for boti 2-pound and 8-pound charge weights.

Ten spherical charges of each weight ere selected at random and values

of densities determined. The average density of the !-pound and 8-pound

spheres was found to be 1.588 and 1.612 respectively. (These va.ies axe

the approtizwe limits for all of the charge 'eights used clad the denstt.

for all explosie weigh.a over tne rang;z of the experi '_nts probably j gem

fer negligibly t-iu the averag of these two.)

V.
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Each tea' charge was suepended from en o, rhead support end so gu ,ed in-

to position that the radial distances from the charge center to ai way-fonrm

gages (face-on and siCe-on) were equal. The interva2. 1 etween the Lwo vejo-

city gages at each position was measurP, accurately vd+.h a jig which assured

proper spacing both vertically and hori.tally about the side-on. age

stationed at the midpoint. Each explosivc charge was initiated at its cen-

ter with a Corps of Engineers special electric detonator to assure re-

producible initiation of all chart a over the range or weights used. The

, Lt'Wnators and the electrical leads were oriented in such a manner that eny

metal fragents restlting fran the detonation would be directed away from the

gages.

Before a group of exilosives was fired, all gageR and connecting cables4 o

were checked for continuity and proper impedance. A gage or line was re.-

placed.. wherever its impedance dropped belo' 1000 megohms because the exccns

ieak.gZ of electrical charge thar, would thereby be caused could lead to inL-

accurate measurements of duration. The individWal firings were conducted

from an automatic sequence timer which initiated the detonation of the ex-
ploslve charge, started the high speed recarding cameras, and intensified

the sweep of the oscillographic traces. Measurements of ambient tempera-

- J ture, atmospheric pressure and the wind direction and velccity in the vicinity

f the tests were obtained as near to the time of firing as possible. Imzued-

iately after each round the shock wave arrival tiaes -were recorded and

Irregulr.-Ities noted. Film records of the pressure-time histories were
processeE promptly so that any discrepancies arising in the system might

be detected and corrected without an appreciable loss of data. Since the

blast parameters (excess pressure, positive ixqulse and positive duration)

A were desired over as great a range of scaled distances* as prapticrble,

* Scaled distance, z, is equal to R. /r vhere I is the diatwee to

the charge center and W the w ft :L<', losive.-

10
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identical firinge were rejeated at each -~f many differeat dnaled dissance

values ivatil reliable statistical averages were otained.

COMPWL-hTIONAL FROU"'tha,

I.* Sida-on PressureI Masurement of the transit time of t'-, blast wave over a fixed die-

tance interval between a pa. of velocity gag... ,-eids an averg e-

city over the interval. This velx.,city has been sho, .n to be equal tc tne

'velocity at the interval midpoint 10where side-on gagas are located.A

mean value of the shock -e'city for cal%.ulating the excess shock pressure

wez obtai red by averaging the measured transit times for the twto t'ositionts

of velocity gages.

Excess slide-on pressures were obtained from the Rankine-H'gni t condi-

Where

PS=side-on xespesueTs

relation i usveit inai he a of prshuce, ft/sec

7=ratio of specific heats (equal. to 1.If for air)

Thisreltio wa use ovr te rnge f pessresfor whic~h) 7was

-smmntially ecr~ul to 1.4. For pressures higher !t1xan 20 atm. 7 iin no lot -.er

cosatsince air does not beh-ave as a:- ideal gas. For these higher prcs-

ewesthespecific heat at constant volume, C_; was assumed te be a 3_tnear

fucinof tenperature andu the side-on pressure was obtairei ram the velo-

ctofpropagation using data. prepared by Doering and Burkhardt. 3



II. Face-On -Presre

Assuming tha shock wave to be spn'erically symmeTcr_,c,') inferences of

the face-on pressure at the reflecting surface, where transit zime measura-

ments of the shock~ .ave could not be ta ten, were made from a knowledge of

tha side-on pressure usin',g the relation

P
r 2 ~6
7-47

where Pr= fa~ce-on excess pressure, psi

In this expression, P ic the excess side-on pressure computed from
s

equation (1) using ar, average of ';he sisocik velocities -0cr the two side-on

positions. This relation also fails for side-on pressurec above 20 atmos-

pheres. Therefore, face-on pressures in the high pr'essu.re region vere o-

tamned by again using an anal.ysis due to Doering and BurkhBrdt. 3

*This assumption appears valid since spherical charges were used and
measuremients by velocity gses, oriantated 180 degrees apart, in-
dicated symmetry except for small perturbations.

S If the blast wave had spherical symmetry, except for sina*11 per-
turbations, this value of' P computed from +'.,, average -mlue oj
shock velocity would more L~kl W~l te slae-on pre'isure in-
cident or- the reflecting surface than would the value of P calcu-
lated at either position.

12



III. Gage Constants

With excess pressures known froin the velocity-5 measur-ements, gage

sensitivities for both side-on and face-on gages were computed f torn th'.

formula

KA
S P

where

Kk = gage sensitivity, micro-microcoulozbs/pSi

H =height or 4 nttial peak of pressurc-time history on a record

0 average vol~age calibration step size on a record

Q-calibration charge, inicro-nicrocouludb;

P = excess pressure, psi

Heights of H1 anid S were mee-ured on the same arbitrary scale from the indit-

,.Adual record.

Calculated values of the individual gage constants appeLared to be

* somewhat erratic because of inability to determine accurately the magni-

tude of the -nitial peak. These variations were most pronounced with high

pressure, short duration pulses. Since static calibrations* of several

gages chowed the gege sensitivJity to be linear over a range of pressure.s

from 100 to 10,000 pounds per square inch, a nean of the KA was assumed

over all firines to which the gage was subjected.

*A static calibration consists of aoubv.1cting a gage to a precisely'
known pressure and recording tlk- e outpuit o"z~ a galvanometer -~hen tbe
load is suddenly released. This calibration, while indleating
linearity, (does not yield a WA necessarily equal to the lA ob-
tained in field "irini



This mean valtze was thein used to compute th- positiv impuls e oL e, h rour-d

for which tht? gage was used.

IV. Positive Impulses

M xQPositive impulses were obtained from the formula I =A x x S

where 1 = impulse, 1. i.-ms.

M = area under the p.-;itivc phase

U =t1ime s,:aJ.e factor, scal - uaits/ms.

The area M v.~s computed by the trapezoidal rule from ordinates 'nea.- ,red

at small eque.l intervals on the film records as shown below (all measurements

to the same scale as S).

h2

M Ad! Z ha- 2

BRL computed the impulses.

BESUVTS

Excess pressures, positive impulses and pozitive durations over a

range of scaled distances i'vom 1.48 to l14.c61 ft/lb.' and a range of.

eyland e weght rom1/2 to 8s pdar presented gzrapngs jlr wicn figre&

3,4plosdve weeit y Tro ;L2 soe dauta re preset & zlgrhcal f i i ie

vidual values of the .last garameters, and also ave;7,ag. ra'-.es sfora g v n

group are reported i Appendix LII. Typical records of side-on and face
on pressure.-timc hiet. rles are presented in FIgurxe 6. Tiee rets

were found to scale a -rding to the dimensionalJ laws prprosed by Sachs,

141
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j 15/ and the different explosive weights use&. dre presented on scaled curves for

ik both reflected and. side-on incidence. The duratibns of the reflectdand

IAWthe uvrange of experiments and ere combined into a single scaled duration

DIMUSM~ON

The range of scaled distance6s over which data 'vere taken is the i.egion

of great interest for atructural demge from high ex-plosive charges. How-

ever, the exact limits -_f the range chosen were dicta-,.ed by test conditions.

It was find that in the high pressure region the rb~id fall-off and short

duration of the pressure..time histories made acieuzrte readings of areas
under the curves difficult, In addition, the quality of the records de-

teriorated as the gages weve pined closer and closer to the explosive

' ! charge. In light of these fact:, it was decided that data taken at scaled
disanc vauesles thn aout1.5would. be questionable, and high pres-

suretere wre ccodinly iscntiuedat 1.4~8. The upper limit of
scaled distance was taken at approximately 15 because it had been found
in many test firings against a veriety of target structures that scaled

distanoes greater than 15 are out of the damage region for explosive
weights less than 1000 pouanx. Thrteshold damage to military targets ',euls

pounds.

A measure of the precision of the incas rezents may be seen in kPigures

3, 4, and 5, and Appendix 111, where tube standard devie+ions f- 'U,!Ih set

of firings are given. Values of side-on pressurr and impulse preszntv.

are in good agreement with the avcraga ct~eves of data taken previously by
these laboratories. However, side-on itapulses are somewhat at varinace

with the predictions of Kir",ood and B~ir.h1ey as shown in FIP-r'e 7. Tile
I question or correcting all. impulse measurements to allow for d3ifferences

in ambient cLem.perai .Are vas aonside., , but ivestiLgation 6uiowed that ,t

J ext~remes of The temperature range could acconnt for: less than a 5 percett

19
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Nvariation in impulse. Since the sta.,-,.rd deviations of the tMoulse meamvze-
ments avweraged approximately 10 percent, the temperature corrnetion vas not
included.

Pitting analytical expresviona to the data iw given careful coi -dera-
tiori. It vas desiret. to f.it the &,;;- accurately, but physical considerz;.tions i
made using the method of least squareb undesirable. An objection to finding

analytic eynressions for tIhe data is that no reliable extension beyond thle
range of measurement could be nade from these expressions. This follows

IL from the fact that the range of measurement extends just into the pressure1' region where the ideal gas assumption for air breeks down. Therefore, no

reliable extrapolation o', the &Lta coud be made. Indeed, Kirkwood andI
Brinkley 2 nave predicted that the side-on impulse curve goes thbro-ug~ a inaxi-
mina et a scaled distance of 1.00, and an analytic fit to the data could never
be e-x-pected to show a maximwa outside the range of' meas;urex~ents. Thercfore a
mat-hod of centroids was use2 to pl~ui, curves, through the data. Groups of

poitswer cose,*nd heweighted average of the coordinalj was calcu
lated. These weighted average points described smooth curves, from which
reliable values of the blast parameters could be obtained.

It is believed that measurements of face-on impulse and face-on dura-
tion at scaled distances less than 5 are being presented -or the first time.
Face-on impumlses from a scaler distane of .5 to 15 are in agreement with
results of preliminar-y firings presented previously.8

Since the face-on duration equals the side-on duration within experi-
mental error, it seems logical to attempt to relate the face-on and E!A.e-IN on impulne analytically by using a relation between face-on and tzlce-on
preesure. Mak-ino and Shear"'have atteqpted to fit the experimentally,, de-
termined face-on impuloe curve by assuiid the normal reflectiLon formu~la

to hold behi1nd as well ae at the shock f-:ont. 'With this assumption it~ iS

Pt * Weighted according to tha number of observatiois.I

21
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1: possible to find face-on impulse by integration for any known chape of the
side-on preusure-time history. Three cases were cnosen by Makinno z-id he

14 for comparison ir..th the experimental results:

Case I: PS (t) was assimed to decay, exponentially with time.

thecontan kis adiueted to -Pit known conditions. The normal reflection

formula,

where p(t) =pt( + PE

p ace-on prcssure

= p (t) /r0
P0 ambient atmospheric pretvsure

was then inteegratedl to obtcain thle face-on impulse.

Case II: P (tW was Gaken to decay linearly with time, p s(t) --P s(1 -kt),

and the face-on impulse again, was found by integrating the normal reflec-

tion formul.

CaseIII:p a(t) and pr () were both taken to decay linearly iith time.

The curzves of reflected scaled impulse as a function of scalea 'cance

for these three cases are shown in cazparison with the authors' experimental

results as Curves 1, 11 and III in Figure 8, Curve I appears to show the

best agreement. This is consistent with work performed at these labora-

tories and also other installations which associates an exponential shape

wl',h the side-on pressure-time history.

FL'rUB WORK

It is desired to obtain a check on the accur-Acy of reflected impuls.-i

measurements bv a method independent of plezoeleci rt' gages. Ebcpex imien-

tation is presently in pvogress to ada-ob strain gages on rods =nd st-ain
gage transducers to impulen me&2--s.onts. S till cmoth-. te-,1n!"'e is i~n
progrues -.hereby ii oulse is inferred froti the momertuu-impulee theorc_.ji

b-r measuring the ir .tial vY-1,Acity imparted to a giicn nms~j by the lim-

pulsive blast wave icading. It is hoped with the later techunique to

22
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extend meaziarerncnts of reflected impulse to Lihorter scaled distance values

where it is believed that impulse loading alone is a criterion for Owmagt.

Vl) many stuzuel

It is also hoped that measurements of' excess peak pressure, pobLtive

iLnpulse and positive duration can be made e:. different altitudes to pro-

vieadequate checks orn Sachts altitudc scaling Laws. With such measure-

ments, better estimates of thF. leti 1 envelopes arouria~ aircraft and

m: ssiles for blast type warheads and Zorre-Th-ion of' internal blast damage

tests wi-th blasaL measurements may be possible.

24

IF



RFLEM W C ES

1. Courant, ii., and Friedrichs; K. 0., Supersoi... ?3ow and Saocklda.'es. In-
4.terscience Publishers, Inc., Np o:=19_ p l19, 35).

2. Kirkwood, J. G. and Brinkley, S. 'R., "Thecry of the ?ropag!ation c-, 2.3hock
Waves from Explorive Sources in Air and Water," NDRC F-port No. A-3,18,'1 March, 10,45.

____ 3.Doering, W. and Burkhard-: G., Con tribut~oz +.b-t Theory of Detomnation
h (Translation from Gezman prepared by Brown University) Technica Report

No. F-TS-1227-Lk ( ZA A /--I Hee na-___- Airl aeil cad
Wright-Patterson Air Force Base, Dayton, Ohio, May, 19419.

4f. Lampson, C. W., "Re -im± of the Theory of Plane Shock and Adiabatic Waves
with ipjflication to the Theory of the Shock Tube," BRIJ Terhni al Note
No. 139, Aberdeen Proving Ground, M'aryland, March 1950, p. 26.

5.Chandrasekhar, S., "Normal Reflection of a Blast Wave," BEL Report No.
I' li39, Aberdeen Prov-Ing Ground, Maryland, December, 1943.

6. Finkelstein, R., "'Normal Refl.ect' or, of Shoeh Haves," Ex.losion Research
Repot No. 6, Navy Department, Bureau of Ordnance, Washington, D. C.,
August, 1944.

7. Stoner, R. G., and Bleakney, W., "The Attenuation of Spherical Shock
Waves in Air," Journal of Ap9plied Physics, Vol. 19, No. 7, PP 670-678,

Denrey, J. and Spe,-razza, .T., "The Effects of Atmospheric Pressure ti~d
Temperature on Air Shock,* YLLReport No. 721, Aberdeen Prov'ing Grcund,

Marylan, My, "Fr50.i Blast M1-easurements on Spherical Pentolite," BRL

Memorandum Report No. 514, Aberdeen Proving Ground, Maryland, July 1951.

' I I Sultanoff, M. and McVey, G., "Shock Pr.assure at and Close 1- 4" Surface
of Spherical Pentolite Charges Inferred frcn Opti cal M1easurements,' t BRI.
Repor". No. 917, Aberdeen Proving Ground, Maryland, August, 1954.

8. Goldstein, A1. and Hoffman, A., "Preliinniy Face-On Air Blast Measut-
ments," BRL Technical Note No. 788, Aberdeen Proving Ground, Mryland,
April, 1953.

9. Sacahs, R. G., "The Depenc.ence of Blast on Amboient Pr-ssure and Ter.

-10. ConjyI M. and '-- .razza, J., "The 'P(sidor. at Which the .1eloc-ity of

a Blst ;.-e Eual th Avrag VFlocty veran Interval,"' BRL Memo-andum

ReotN.51, bree1vgGon, Maryland, Way, 1951.

I2



64~~

FiEERECES (Coninued.)

11. Meakino. R. r". and Shear, Ri. E., 4 1Estimation of N .na.L lReflected Impulse

Maryland, May, 1955.

26



Description and Utility of' a "Face-on"s Pl-zoelectric Q~age

This ga.4:, usually referred to as it. "face-inr gage," is a piezu-

electric transduner used to rpr.orct the pressure- dine history of' an

air blast wdave reflected from the .rface of a rigid structuria.

Essentially, this gage is an element of the .ceflecting surface ard

ic designed to isesre +',e blast loading impinging on the structure

less any structural1 respon~se.

The sensitive element of the face-on gage consists of two disc-shaped

to..IIaen crystals, each approximately O.OI O inch thick~ and 0.75 inch in

diameter cemented into _ stack together with a copper foil electrode of th&.

same diameter insert-ad vetween the positive facec. The negative faces of

the i.rystals are electrically connected through the flep of a second coppai-

roil disc cei"nted to the lower race of txi stack. The entire sensi~ive ele-

ment is bonded unO,2- pressure to the bottom of a 0.10.) inch deep by 1.00 inch

diameter cavity located in the threaded end of a brass housin'g. The electri-

cal eharge collected by the positive foil is transmitted by a fine wir'e through

the houswing to a coaxial connector on the opposite end while the negative

connection is made directly to the gag housing. The clearance between the

4 element and housing is finally filled with a chemically hardened potting com--

pound which, when fil~d smoot* and f3.A, provides a thin hard surface o'rer

the crystals. This construction is relatively invulnerable to high inten-

sity loading except for direct hits from occasional fragments. A schematic

drawing of this gage is shown in Figure 9

Several techniques concerned with measurements of re-rlectee :uis 1 11"
with a piezoelectric gage were reveaLed through considerable experim,...A
tion.. It was first discovered that :. rigid backing for the crystul stac' A

was necessary to prevent arnurious signals resulting from flexure of th~e

crystals under load beirg superimpcscId on the i 'cord. It was eP'ertained

also that a housing -with considerable mass was desirable 'Lo prevent ex- I
-~ cessive gage mption fc-' the ).r~Ar f the p-Alse. flieL,-e ctraaacterlicc

wcre resolverd ')ough use of cylindri.call brass hous-.no,,, approxirate:-y
1.5 inches in .z etex; *rdranging from f(,ir to i inches ir, -1:ngth.
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APPENDIX I (Contiinued)

Initiall.,, a flat steel plate was uaed as e z%:-lecting surface. The

pressure-tixe history of the b.last wmve vas masike:! by -3cillations caused.

the sensing element. Attempts to isol~ate the gage from the reflecting sur-

face resulted in relative muotion between the gage and reflctor which ap-

peared c~n the record as an ac-aleration response due to translation of the

gage under the blast load. As a reauLt, an extremely maxssive reflecting

sw'.face was suggested in which these phenomena coul~d not occur. The face-

on gage was finally sectr-ed into a rigid concrete structure as an element

of the surftace. Satisfactory re:Clected pressure-t4-ime historites, re'Latively

free from spurious oscillations, were then obtained up to pressure inten-

o~ieeu of about 4000 potmds lier square inch.
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AW JT-MX Il

Deocrl4Aoi. r ' "Si~c-On 3"age[The Stressed Diaphragm BRL Gage is a piezoelectric ai. ble,%. ;;e for

F recordinS the side-on pressure-~time Muitory 9:0oLiated. with blast Taves.
This gage, which in its orig-inal form was deve:Lop~ed by M4r. Roy Samupson,

formerly of )3RL, has been used wit.. a great deal of success ILn small.

charge (3/8 lb. to 64 lb.) air blaat experiments.

The sensitive elemnent. )f the Stressed shanBRIJ Gage iS a staSck

of four' wafer shaped. toui al.Zne crystals, approximately .050 inches thick,

with silver' foil electrodes between crystals to collect the charge. The

crystals are u~al ' aho n-half inch in diameter but gages have

been b1,4]t in which -che diamerter of the crystaln~ was as small as one-eighth

inch.

The design principle which is believed to be mobt directly responsib2e

for the success of the S.D.P[:. Gage is the preloadiiig of the crystal stack

by brass diaphragms approximately .020 inches thick. Tntenrference between

the cryst2. stack and the cavity in the gage housing of from .0005 to .002

inches has been found to give the best results. Silicon grease applied

between the faces of the stack and the brass diaphragms as well ap in the

clearance around the stack is helpful t.n damping spurious oscillations.

The quality of the wo'Amnanshil, in machining the housing, grindiitg and,

polishing the tourmaline crystals, and assembling the crystals into the

housing has been found to be of the utmost imnportance in producing gages

which give records of high fidelity. A schematic drawing of this gage is

shown in Figure 10.
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APPENDIX III

TABLE OF PEAK P - 2URES-, IMPULSES PAND DURATIONS
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